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dsRNA-ended genome RNPs accumulate during LaCrosse bunyavirus infection. The possible signiﬁcance
of these dsRNA structures for orthobunyavirus replication and survival are discussed.
& 2016 Elsevier Inc. All rights reserved.The RNP genome segments of segmented negative strand RNA
viruses (sNSV; Arenaviridae, Bunyaviridae, and Orthomyxoviridae),
are pseudo-circular in structure when viewed stretched out in the
EM, their genome termini containing RNA sequences that are more
or less complementary. In the case of inﬂuenza A virus (ﬂu), where
the terminal RNA complementarity is insufﬁcient for the RNA ends
to be held together stably by base-pairing alone, the ends are held
together by the viral RdRp (Baudin et al., 1994). In the case of
bunyaviruses and arenaviruses, the various segments contain RNA
termini that are highly complementary for 15–20nt, sufﬁcient for
the ends to be stably held together by base-pairing alone. In the
case of LaCrosse orthobunyavirus (LACV), a fraction of their RNA
termini within RNPs, both within infected mammalian and mos-
quito cells and as puriﬁed RNPs, indeed appears to be base-paired
as they can be cross-linked with psoralen (Raju and Kolakofsky,
1989). Moreover, cooperation between at least a portion of the 30
and 50-terminal sequences of Bunyamwera orthobunyavirus
(nucleotides 10–15) is required for BUNV RNA synthesis (Barr and
Wertz, 2004; Kohl et al., 2004), suggesting that this cooperation is
due to nucleotide complementarity that allows base-pairing. Thus,
this dsRNA LACV structure containing the genomic termini was
thought to be part of the promoter for RNA synthesis.
Gerlach et al. (2015) have recently reported the structure of
the LACV genomic promoter (i.e., short RNAs representing the 50
and 30 genomic termini) bound to its RdRp, which bears important
similarities to the structure of the analogous ﬂu complex (Pﬂug
et al., 2014; Reich et al., 2014). The LACV complex was assembled
somewhat differently than that of the ﬂu complex, in that the 30
genomic end and pol were ﬁrst co-crystallized, and the 50 genomic
end was then added to the complex by soaking it into the crystal.
This was necessary because the LACV genome ends are so com-
plementary that they form dsRNA when added together, and
dsRNA binds poorly to the polymerase (Gerlach et al., 2015). In this
structure, the entire 50 and 30 LACV RNA ends bind as ssRNA to
separate regions of L. However, LACV L also binds partially
annealed 30 promoter sequences with high afﬁnity, and Gerlach
et al. were able to resolve a structure in which nucleotides 9–16
were annealed to their complement. Gerlach et al. propose that,
similar to ﬂu, the distal portion of the 50 and 30 promotersequences are base-paired in the context of a LACV pre-initiation
complex, in agreement with the requirements for a functional
Bunyamwera virus promoter determined by Barr and Wertz
(2004) and Kohl et al. (2004). Interestingly, both the ﬂu and LACV
structures are described as pre-initiation complexes, as in neither
case is the 30 end bound to the RNA synthesis cavity. As mentioned
above, some of the LACV genome ends have in fact also formed
dsRNA in intact viruses and infected cells. Given other unusual
properties of the NP/RNA interactions within orthobunyavirus
RNPs, it was possible to devise a scheme where, at least theore-
tically, these dsRNA-ended genome segments could act as tem-
plates for viral RNA synthesis (Reguera et al., 2014).
Other properties of these dsRNA-ended genomes during
infection, however, were inconsistent with their having an
essential role in LACV replication. For example, even though the
infecting LACV stock contained S genomes of which 50% could be
psoralen cross-linked, cross-linkable S genomes could not be
detected early in infection when RNA synthesis was robust. The
fraction of S segments that was cross-linkable, including anti-
genomes, increased steadily during infection, reaching 50% when
CPE was severe. In addition, the M and L segments could not be
cross-linked at any time to any extent during the infection; the
presence of dsRNA-ended genomes was apparently restricted to
the S segment. Gerlach et al. (2015) have suggested that the
extensive complementarity of the LACV genome ends, due to their
propensity to form stable dsRNA, was a major obstacle to recon-
stituting the putative LACV preinitiation complex in vitro and
thereby demonstrating its capacity to synthesis RNA (in contrast to
the robust RNA synthesis activity of the ﬂu preinitiation complex
(Reich et al., 2014)). In this view, bunyaviruses must avoid stable
base-pairing of their highly complementary genomic promoter
ends during infection; the free RNA ends would normally be
prevented frommeeting each other by the sequential mode of RNP
assembly, starting at their 50 ends as they exit the replicating
polymerase (cf Figure 7, Gerlach et al., 2015). If this view is correct,
the dsRNA-ended LACV S segments we see in virus particles and
infected cells would presumably represent dead-ends, incapable of
acting as templates for viral RNA synthesis. These dsRNA-ended
genomes would presumably form during infection when some of
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other. A possible reason for why this annealing is restricted to S
segments is that only they are small enough so that the
polymerase-free genomic ends can ﬁnd each other with any fre-
quency during infection. It should be noted that the partially
complementary ﬂu genome RNA ends in ﬂu RNPs can also be
cross-linked with psoralen to 50% (or more) during infection (Hsu
et al., 1987). However, in this case all the genome segments were
cross-linkable, and, more importantly, this property of the ﬂu
RNPs was present throughout the infection. Thus, there is no
indication that cross-linkable ﬂu genome segments are defective.
Given that free ﬂu genomic RNAs are not cross-linkable (Hsu et al.,
1987), unlike those of LACV (Patterson et al., 1983), it is pre-
sumably the presence of the ﬂu polymerase that allows the limited
base-pairing in the distal region of the promoter that confers this
property.
Flu and LACV are proposed to have similar pre-initiation com-
plexes, in which the ﬁrst 10 nt of the 50 and 30 ends of the genomic
promoters are bound as ssRNA to different regions of the poly-
merase, whereas the more distal nucleotides are base-paired to
each other. Nevertheless, the difference in the degree of com-
plementarity of the genome ends of these two sNSV is striking.
The ﬂu genome ends are considerably less complementary than
those of the bunyaviruses, such that experimentally they bind to
their separate regions of the polymerase as ssRNA when added
together during co-crystallization, rather than anneal to each other
like those of LACV. Terminal genome complementarity is needed,
at least in part, to simultaneously maintain genomic (or vRNA) and
antigenomic (or cRNA) promoter activity, but this requirement
applies to both sNSVs. The extensive bunyavirus terminal com-
plementarity would then appear to have been selected for during
evolution not simply to maintain promoter activity, but for a
property that is unique to the Bunyaviridae. One such property is
that while these infections can be highly cytopathic in humans,
they are non-cytopathic and persistent in their natural hosts, e.g.,
mosquitos (Borucki et al., 2002). These species-speciﬁc differences
of infection are presumably due, at least in part, to the different
ways that their cells respond to the infection, and whether this
response is linked to cell death. As the S segment codes for the
nucleoprotein that is required in stoichiometric amounts for gen-
ome replication, it is possible that the steady accumulation of
defective dsRNA-ended LACV S genome segments during infectionhelps to attenuate the infection and to establish the persistent
infection that ensures virus survival.References
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